ABSTRACT Adult female Culicoides occidentalis Wirth and Jones were collected in a coastal salt marsh habitat in southern California over a period of 15 mo using CO 2 -baited suction traps. Adults were active year-round. Adult females overall were large based on wing length (1.86 mm). Because of coastal inßuences, daily and seasonal changes in air temperatures were greatly buffered, and mean temperatures ranged from 10 to 15ЊC in winter to 19 Ð21ЊC in summer. Wing lengths varied inversely with air temperatures, with an average of 2.13 mm (February) to 1.6 mm (July). Parity was consistently low (3.6% overall) and may reßect poor host availability in this isolated salt marsh habitat.
THE Culicoides variipennis complex consists of three distinct forms that were recently elevated to species level: C. variipennis (Coquillett), C. sonorensis Wirth and Jones, and C. occidentalis Wirth and Jones (Holbrook et al. 2000) . The forms found in the western United States, C. sonorensis and C. occidentalis, lack intergrades based on isozymes or morphology, even in the few cases where they are unequivocably sympatric (larvae found in the same habitats) (Holbrook et al. 2000) . Still, the close relationship between the two forms is evidenced by their ability to mate and produce fertile hybrids in the laboratory (Velten and Mullens 1997) . Whereas the females cannot be reliably separated, males of C. sonorensis have spicules on the aedeagus, while C. occidentalis lacks those spicules (Wirth and Jones 1957) . Immature C. occidentalis are usually found in highly saline or alkaline habitats, whereas those of C. sonorensis often are found in habitats polluted by animal excrement, so they typically are separated ecologically .
C. sonorensis is widespread in the western and southern United States, and its distribution mirrors the main transmission zone for bluetongue virus in North America, for which it is considered a primary vector (Tabachnick 1996) . C. occidentalis, however, has a patchy distribution in far western North America, with a few isolated populations inland as far as Texas Tabachnick 1995, Holbrook et al. 2000) . Its status as a bluetongue virus vector is unresolved (Tabachnick 1996) . Aside from one activity study in Borax Lake in inland northern California (Kelson et al. 1980) , little is known of the biology of C. occidentalis, particularly in coastal salt marsh habitats where it historically has been found (Wirth and Jones 1957) . The current study documented the activity of C. occidentalis in such a habitat in southern California.
Materials and Methods
The study site was the Bolsa Chica Marsh near Huntington Beach, Orange County, CA. Midges in the C. variipennis complex at this site had been conÞrmed to be exclusively C. occidentalis in two prior studies Tabachnick 1995, Velten and Mullens 1997) . Two CDC-type miniature suction traps (model 512; J. D. Hock and Co., Gainesville, FL) were deployed Ϸ100 m apart in low bushes 400 Ð500 m from the ocean. Traps hung below a 3.8-liter can containing Ϸ1 kg of dry ice.
Traps always were deployed 2Ð3 h before sunset. Initial trapping was conducted from February 2000 until the middle of August 2000. During this period, traps were retrieved 1 h after sunset. Traps were deployed every 2 wk (twice per month). From late AugustÐOctober 2000, traps were deployed twice per month but were left in place all night and retrieved Ϸ2Ð3 h after sunrise. From October 2000 until midJune 2001, traps were deployed all night at approximately monthly intervals.
Collected insects were frozen and placed into vials of 70% EtOH until sorting and parity assessment using abdominal pigment and tergite pattern Akey 1978, Akey and Potter 1979) . Wing lengths of 20 females per date (if available) were measured from the basal arculus to the tip using a dissecting microscope Þtted with an ocular micrometer.
Female collections were plotted for visualization, and differences in female wing length were examined using analysis of variance (ANOVA) with trap site and date as the main effects, plus the interaction term, on collections exceeding seven females per night in each trap (Minitab version 9.1, Minitab Inc., State College, PA). Air temperature data were obtained from records maintained at Newport Harbor, Ϸ10 km north of the study site. Female wing lengths were regressed against air temperatures for the preceding 10-d period, as has been done for C. sonorensis collected from inland southern California dairies (Mullens 1987) .
Results
C. occidentalis females were recovered year-round at this site ( Wing length did not vary between the two trapping stations (F ϭ 0.001; df ϭ 1,109; P Ͼ 0.956) and the interaction also was not signiÞcant (F ϭ 0.96; df ϭ 4, 109; P Ͼ 0.4), so females from the two trap sites were pooled for visual presentation. Collection date inßuence on size was highly signiÞcant (F ϭ 50.53; df ϭ 4, 109; P Ͻ 0.000), however (Fig. 2) . The largest females were collected in February (2.13 mm wing length) and the smallest were collected in July (1.6 mm wing length). The maximum range was 1.44 Ð2.28 mm wing length, with an overall mean Ϯ SD of 1.86 Ϯ 0.19 mm.
Daily maximum and minimum air temperatures in summer varied an average of 4 Ð7ЊC; the variation during winter was slightly higher (6 Ð9ЊC). Overall, the coastal inßuence resulted in rather cool and stable seasonal and daily temperatures; average temperatures ranged from 10 to 15ЊC in winter to 19 Ð21ЊC in summer (Fig. 2) . Temperature for the 10 d preceding each collection was inversely related to wing length (y ϭ 2.74 Ϫ 0.053x; r 2 ϭ 0.81; P Ͻ 0.001; Fig. 3 ). A total of 2,707 females were collected, of which only 98 (3.6%) were judged to be parous based on pigment and tergite pattern.
Discussion
Adult activity of the other members of the C. variipennis complex varies substantially through the year and stops completely in cold temperate conditions in Colorado and New York Jones 1980, Mullens and Rutz 1983) . In inland southern California, where seasonal temperatures vary substantially but seldom reach freezing, adult activity of C. sonorensis still is distinctly higher in summer and fall (Gerry and Mullens 2000) . A C. occidentalis trapping study in inland northern California at Borax Lake (Kelson et al. 1980 ) also suggested activity was higher between May and October. It is notable that this does not seem to be the case for C. occidentalis in a thermally stable coastal climate. While more frequent collections might show some seasonal trends, our observations suggest activity can be high even in winter. Furthermore, adult activity does not seem to peak near dusk, which is common for C. sonorensis inland (see Mullens 1995) . It is common for onshore winds to occur near dusk on California beaches, and the higher collections that included nocturnal and dawn activity may be more typical and allowed by relatively calmer winds at that time.
The relatively stable and cool seasonal temperatures on the coast (Fig. 2) also are reßected in the longer wing lengths of C. occidentalis versus C. sonorensis inland. Inland southern California experiences daily temperature ßuctuations often exceeding 20ЊC, especially in summer (Mullens 1987, Gerry and Mullens 2000) . Wirth and Jones (1957) , probably because many of their C. occidentalis collections were from coastal areas, observed that C. occidentalis often was larger than the other members of the complex. The slope of the regression of wing length on temperature indicates an expected 0.053-mm difference in wing length for a degree difference in air temperature for C. occidentalis at the marsh. This is approximately twice the slope determined for C. sonorensis (0.026 mm per degree change; Fig. 3 ) in inland southern California (Mullens 1987) . This possibly reßects effective movement of C. occidentalis larvae into shallow mud zones warmed by winter solar radiation; this type of daily movement is known for C. sonorensis in summer (Mullens and Rodriguez 1985) . It is probable that C. occidentalis are much smaller in warmer areas. This has been shown for a C. occidentalis population near the Salton Sea in the southern California desert, where wing lengths ranged from 1.80 (March) to 1.32 mm (June), Velten and Mullens 1997 . The latter Þgure is close to the smallest wing lengths for C. sonorensis (Mullens 1987) .
The parity of C. occidentalis was strikingly low (3.6%) compared with C. sonorensis in inland sites with abundant large mammal hosts, where parity rates can frequently exceed 30% Barnard 1983, Gerry and Mullens 2000) . In fact, to our knowledge, such low parity in the complex has been reported only in desert mountain environments (5% parity, Mullens and Dada 1992) . We are unaware of mammal surveys in this speciÞc area. However, we speculate that mammal hosts may not be common in and near the Bolsa Chica Marsh (some rabbits, coyotes, and skunks), which is bordered by residences, ocean, and oil Þelds. While details of larval habitat choice for C. occidentalis in this marsh are not yet known, a paucity of hosts might contribute to the low reproductive success. (Mullens 1987 ) from a much warmer and more variable inland southern California site.
